I. INTRODUCTION
ome researches on ship maneuvering control have developed from 1946 until today [3] . Autopilot system has been applied on several ships including the ship Zuidweg (1970), Gaeta Class Minehunter (1970), Ferry -Massarenas (1996) , Northern Clipper (1996) and Shioji Maru (2000) . Various strategies in the design of the autopilot, i.e. with a conventional control strategy include adaptive, modern and expertise-based [11] . The development of this control system block diagram is depicted in Fig. 1 . A design of fuzzy logic based control system (FLC) strategy is proposed by using determinations of controlrules based on the performance of reference [10] . Reference control system LQG / LTR having been shown to have robust properties is tested against 19 types of ships with a length of 40-350 meters. Response control system shows the pattern of first order and second order. By analyzing the results of this response, parameters namely time constant system, gain, settling time for the system with the pattern of first order and the value of natural frequencies, damping ratio for systems with second order patterns-can be determined. Based on these parameters, constant gain Norbin Nomoto and parameters can be determined. Norbin parameter refers to a parameter that determines the ability to maneuver.
II. SHIP MANEUVERING CONTROL
Ship maneuvering Control has been progressing very rapidly. Fig. 1 below indicates some strategies in conventional maneuver control, adaptive, modern and expertise based. Block diagram of a conventional control system is shown in Fig. 1 Conventional control system designed by some researchers has found many weaknesses; among others are disability to accommodate the interference with high frequency although a wave filter design as shown by Lozowicki and Tiano (2000) has been added. Interference from the environment causes changes in parameters of the controlled system, and this is the reason why this strategy is called adaptive control. In adaptive control systems, mathematical models such as one derived from conventional method in which additional variables are given are derived from the environment; furthermore, a mathematical model of this modification is expressed in various models called MRAC (Model Refference Adaptive Control) by Van Amorengen (1970) and Blanke (1980) and ARMA (Auto Regresive Moving Average) submitted by Nejim, (1998). The method proposed by Van Amorengen (1970) shows the results that are not linear on the rudder;in addition, it also proposed the existence of a command generator to obtain certainty on the rudder model (Amorengen, 1984) , whereas in the proposed Nejim (1998) demonstrates the ability to control heading when there are changes on speed ship service.
In modern control system design, mathematical model of the dynamics of the maneuver is expresse in the state space equations. Modern design methods include ILQ strategy (Inverse Linear Quadratic) developed by Bertin (1980) and Kijima (2003) , H 2 by Donha (1998), LQG (Linear Quadratic Gaussian) by Bertin (1998) , H~ by (1998) . Optimal control method has the capacity of rejecting the environmental disturbance so that it is worth considering as an option in application better than others [16] .
Besides that, other control strategy based on fuzzy logic is developed by Ming and Kyung (2004) and Omerdick (2004) . In addition to fuzzy logic, neural network -an expert system which relies on the ability of learning also begins to be applied in ship maneuvering Breivik, et al (2004) , are used to develop the method in the determination of fuzzy rule base that has been so far used intuitively. On the contrary, Aisjah, S. A (2006) has determined the rule base using the output performance of other controllers that are robust [11] . This is possible because the fuzzy controller only requires information from the input and output of the controlled system.
III. METHOD
Control strategy employed in this research is Fuzzy Logic Control, in which the rules of FAM (Fuzzy Asociate Memory) built based on another control, namely the LQG/LTR. LQG / LTR control has a robustness toward disturbance. The structure of the control system is presented in the form of block diagram Fig. 3 .
A. Ship Dynamics Modeling
A Schiff and Davidson model can be obtained by using structure model where the actual state variables are combined with non-dimensional parameters model, so it can be written by:
Where , , dan are derived again in accordance with the Prime System I, a coefficient of inertia and damping matrices in Equation (3) [13] . Environmental disturbance factors are wind and ocean currents are modeled in low frequency, while the wave factor is the high frequency model [3] .
B. Low Frequency Model
Hydrodynamic parameters on the ship maneuvering in the horizontal plane, with the x-axis and y-axis port direction, and r be positive to turn left. Translational motion in six degrees of freedom are: surge, sway and heave, whereas the rotational motion of the three axes, namely: roll, pitch and yaw.
The existence of waves with low and high frequency during calm water conditions and the ripples caused the ship's position will be affected by the disorder. So that, modeling done in two frequency ranges, namely the high frequency and low frequency. Model the dynamics of the ship's position in the low frequencies is described in a linear model of surge, sway and yaw. In the simulation studies and experiments, showing that the Coriolis and nonlinear damping can be neglected, so the model is expressed in the form:
Where = ( , , * + is the velocity vector of low frequency, $ = ( $ $ $ * + is the current velocity vector, & = forces control and moments vector. And ' = (' , , ' -, ' . * + is a disturbance vector with zero Mean Gaussian white noise process. $ , instead of showing the physical speed of the current, indicates the effect of the current in the yaw motion. The matrix of inertia and damping are:
In the ship kinematics equations, 7 = . Where: 7 = (1 , 8 , 9 * + .
General state equation for the dynamics of the ship's position:
where: 7 = (1 , 8 , 9 , , , * + , and
C. Wave Disturbance Models in High Frequency
Wave generated by wind affects ship's motions of surge, sway and yaw. Transfer function from this wave is performed in second order. High frequency ship model within 3 degrees of freedom (surge, sway and yaw) is expressed in the form below:
The relative damping ratio ξ can be obtained from the basis of real or simulated conditions and the value is lower than 1.0. ω 0 indicates high-frequency motion components that are selected in accordance with the motion of surge, sway, and yaw. w x , w y , and w9 are zero mean Gaussian white noise process.
Models of high frequency waves can be expressed as follow: 
The wind model 1 P = < P ' P where:
Wind's force and momen:
Direction and wind speed are devoted by W = L P − 9 − 9 B , K = K P [5] .
So the ship model with disturbance is expressed as follow: sub-set of fuzzy membership e -error yaw / heading, r-yawrate, η -the ship trajectory error, s = sensitivity of the actuator (ruder). 5. Data base of c 1 and c 2 for all types of ships are developed. 6. Control ship's model using the above rule is simulated. 7. Analysis of FLC stability and stability parameters output response in 20 types of ships is carried out.
IV. DISCUSSION

A. Simulation without Disturbance
Simulation without disturbance is conducted on 20 types of ships with a set of heading point at 30
o . The response of the control system shows stability. Response of Barge Carrier and OBO ships (300,000 DWT) is shown in Fig. 4 . The response has the response pattern of the first order system [13] . Time constant of a system is a time when the response reaches 63.21% of the target. Response with second-order pattern system shown in Fig. 5 at River Tow Boat U.S. ship and Tuna Seiner.
The response of a system is expressed in first order (Fig. 4) , with a parameter time constant (T) and gain (K). The smaller the value of T, the faster the system response will be, and vice versa, the larger the T, the longer the target heading will be reached. When t≥3T, response will be included in the region of 5% of the final condition or in the steady state condition [13] . If a system is said to have second order, the system will received a step function input and will give response as shown in Fig. 5 . The occurrence of overshoot and oscillation pattern in its steady conditions will subsequently reduce or even eliminate this oscillation. Characteristics shown in the Fig. at the time of the transient state are influenced by the amount of damping ratio ζ and frequency of natural ω n . Transfer function form of second-order system expressed in equation (13) with ζ: damping ratio of system, ω n : natural frequency of system (Ogata, 1992) . Table 1 shows the specifications of length and speed of service from some ships investigated in this research. The order system is obtained from trajectory system response when given setting ship heading as a step function at 30 o . Time constant system is the value of which the response system reaching 63.2% of the expected headings. Out of 20 types of ships, there are 16 which are mostly approached with first order system, while Harbor Tug boats, River Tow Boat U.S., Offshore Supply and Tuna Seiner are approached with the second order pattern. The time constant values of 20 types of ships range between 33.36 -418.60 seconds as shown at Table 1 . There are indications that this result is better than others (Wahl, 1998) that produce the time constant T = 56.2 seconds on the type of ship of length L = 80 meters.
Ship maneuvering system with inertia matrix M and damping matrix D is seen as a high order of systems, where higher order systems are approximated with second order system with parameter ω damping ratio, natural frequency of the system ω n , ζ and natural frequency from system. Settling time (T s ) for parameter value between 0 <ζ <0.9, can be obtained by determining the following equations [14] . (15) T s values obtained by calculation and simulation results seen in appendix B. Comparison calculations with the simulation results obtain Ts error average in the determination of T s and a small variance.
B. The Calculation of the Gain Control Value Nomoto and Parameter Norrbin
Nomoto (1957) has done ship maneuvering dynamics approach to show the form of mathematical order 1 and 2, with parameters as in table 1 [12] . Determining parameter in the control gain is derived based on the linearization of the model Nomoto Davidson and Schiff (1946), whereas the form of Nomoto gain control equation is as the following:
IPTEK, The Journal for Technology and Science, Vol. 21, No. 2, May 2010 Based on the Nomoto equation that express in equation (16) above, the gain controller is calculated based on the coefficient of hydrodynamic Clarke (1982) and then compared with the output that has been mentioned in Table 1 . From the table, it is described that the 16 types of ships are analyzed using system order 1, and then the 4 types of ships are analyzed using order 2. Determining the value of the control gain K based on the output response time of the simulation set point heading as a step function can be done through the calculation of the return inverse of the form Equation:
( )
with a value of T and T s in Table 1 for order 1 system. For the second-order system is done by the return inverse of the transfer function expressed in equation (13) with a damping ratio value ξ and the natural frequency system ω n which has been obtained from the results of previous studies [15] . The results of this K value is stated in table 2. Table 2 . presents Norbin parameters calculation. That is used as one of the parameters that determines the maneuver ability. If the value of this parameter is bigger than 0.3, the ship's controller will show a guarantee for good maneuverability. This parameter is obtained based on the value of the control gain K' (response) and a constant time constant T'. From the Norrbin parameter values, it can be seen that General Cargo Low Speed, Mariner, RO/RO and Barge Carrier have better maneuverability compared to the 16 types of ships.
V. CONCLUSION
From the analysis and discussion it can be concluded that: 1. The FLC design will optimally worked when the length of all types of ships ranges from 40-350 meters. 2. Nomoto Gain Value and Norbin Parameters can be obtained based on the analysis of the control system performance. 3. The FLC control performance is able to produce the best maneuvers in Low Speed General Cargo ships. 
